Background: Training in the five steps of evidence-based practice (EBP) has been recommended for inclusion in entry-level health professional training. The effectiveness of EBP education has been explored predominantly in the medical and nursing professions and more commonly in post-graduate than entry-level students. Few studies have investigated longitudinal changes in EBP attitudes and behaviours. This study aimed to assess the changes in EBP knowledge, attitudes and behaviours in entry-level physiotherapy students transitioning into the workforce. 
Background
In evidence based practice (EBP) there is a growing body of research concerning educational practices, barriers and facilitators, but few studies have tracked longitudinal change in EBP skills, knowledge or attitudes. The primary goal of entry-level training in the health disciplines is to attain competency in a set of skills and knowledge that is an acceptable starting point in a specific health profession. During the immediate years after graduation from entry-level training, professional performance (skills, knowledge and decision-making) is likely to improve as a result of workplace-based experience (exposure to a variety of patients, feedback from peers and senior staff) [1] . Variation has been reported in a number of health professions for specific professional skills during the early years in the workforce [2, 3] . This may be due to the initial entry-level training (breadth rather than depth of training, mismatch between entry-level curricula and workplace expectations), the supervision provided in the workplace or access to educational opportunities and resources.
While it is likely that all individuals will improve initially with work place experience, only those professionals who engage and continue to engage in deliberate practice of specific skills are likely to continue to improve in performance [1] .
Since the publication of the Sicily statement [4] , there has been greater attention paid to EBP training in entrylevel education (Bachelor degrees or equivalent). This consensus document recommended that every individual practitioner be trained in the five-step model of EBP with skills to ask a research question, access, appraise and apply the evidence, and assess the process. More recently, Glasziou [5] advocated that EBP training should be introduced early, and embedded and applied throughout entry-level training [5] . In theory, this training should 'future-proof' graduates with the life-long learning skills required for making evidence-based health care decisions [4] .
The majority of investigations exploring the impact of EBP education have been undertaken in the medical and nursing disciplines [6] . In disciplines outside of medicine and nursing such as physiotherapy and occupational therapy, there are a number of studies reporting the learning outcomes of EBP education in clinicians or post-graduate students [7, 8] , with fewer studies available for entry-level students [9, 10] . After completing a half semester course, significant improvements were reported in research skills (interpretation and application of research), with decreased confidence in research abilities and a sustained strong belief in attitudes to the importance of research [9] . Long et al [10] reported significant improvements in self-reported EBP knowledge, attitudes and behaviours after undertaking two consecutive entrylevel EBP courses (ES range 0.30-1.34).
To date, few studies have evaluated the changes in EBP attitudes, knowledge and skills during transition from entry-level training into the professional workplace. Connolly et al. [11] and Sabus [12] evaluated changes in EBP domains in 34 and 31 physiotherapists after twelve and three months in the workforce respectively. Connolly et al. [11] reported declines in confidence (3%) and the relevance of research (13%) with no change in sympathy (effect sizes not reported). Sabus [12] reported a significant decline in EBP competency (confidence) (ES 0.69) but not attitudes to the use of evidence in practice ('clinical behaviours') (ES 0.01). There has been limited tracking of EBP practice and the understanding of EBP in allied health professionals after graduation.
The aim of this study was to describe changes in EBP knowledge, attitudes and behaviours of physiotherapy graduates during their initial years in the professional workforce.
Methods

Overview
An observational, prospective, longitudinal study design with matched data was used. Ethical approval for the study was granted by the Human Research Ethics Committee of the University of the Australia (Ethics protocol P180/08).
Sample
Participants from two consecutive cohorts (2008, 2009 ) of entry-level physiotherapy students training at the University of South Australia were recruited. Data were collected at the end of the final year in the entry-level program and reassessed at the end of their first and second years in the workforce. Strategies were implemented to minimise non-participation. These included updating contact details, reminder emails six months prior to questionnaire delivery and follow-up emails to nonresponders.
Within the entry-level program, training in EBP was undertaken via formal stand-alone courses, and integrated in a number of professional theoretical courses and supervised clinical practice. The EBP research evidence competencies taught and assessed in the entrylevel physiotherapy program at the University of South Australia are summarised in Table 1 (adapted from Lewis 2010) [13] . The EBP content was essentially similar across both the 2008 and 2009 cohorts.
Instrument
The Evidence-Based Practice Profile Questionnaire (EBP 2 ) [14] was used in the study. The questionnaire included 74 items all of which used a 5-point Likert scale. Eleven demographic items are included (age, profession, employment, EBP training and highest qualification achieved). The first 58 items related to one of five domains of EBP (Relevance, Terminology, Confidence, Practice, and Sympathy). A definition of these domains, the number of items included in the domain after factor analysis and examples of domain items are presented in Table 2 . There were 16 additional non-domain items that described environmental and personal characteristics that might act as barriers or facilitators to EBP. These items were not included in the analysis. A full copy of the EBP 2 questionnaire and a scoring sheet are provided as additional files with this submission (Additional files 1 and 2). Individual domain item scores were aggregated to give a domain score (5-point Likert scale, minimum score of 1 and a maximum score of 5 per item). A combined overview of these domains may be used to develop an EBP 'profile'. Space was provided in the questionnaire for the addition of comments. The questionnaire required 10-12 minutes to complete. The EBP 2 had been previously evaluated for reliability and validity (test retest ICCs 0.77-0.94, convergent validity r = 0.52-0.80, discriminative validity ANOVA p <0.001 to 0.004) [14] . Questionnaires were prepared and delivered using commercially available web-based survey software (SurveyMonkey™).
Data management and data analysis
Due to the multiple dependent variables (domain scores), alpha was set at 1%, rather than 5%, to minimise the likelihood of a significant result occurring by chance. The target power was set at 80%. The sample size was calculated to detect a medium effect size, if such an effect existed. A Cohen's f of 0.25 (equivalent to a Cohen's d of 0.5) was set as the target [15] . The minimum sample size required to detect such an effect size was 40 across three test occasions and 51 across two test occasions.
Questionnaire data were imported into SPSS Statistics 17.0 (Chicago, IL). Data were checked for accuracy and cleaned. Descriptive statistics were calculated for demographic data. Missing values were imputed for all items that were to be collated into a domain score. Since the data were categorical, multiple imputation was used but allowing for the data to be whole numbers [16] . Domain scores were calculated for each participant for the five EBP domains, for each time the questionnaire was completed.
A random coefficient regression or mixed model analysis was used to analyse matched data (same participant on each occasion of follow-up) for the five domain scores, compared across three test occasions for the 2008 cohort (final entry-level year, first and second year in the workforce) and across two test occasions (final entry-level year and first year in the workforce) for the Table 1 Summary of research evidence competencies in courses undertaken by study participants (adapted from Lewis 2010) [13] Research evidence competency
Course
Research question Search strategy
Research design
Critical appraisal knowledge
Critical appraisal application
Hierarchy of evidence knowledge
Cells marked with a 'C' indicate that the research evidence competency was included in the course curriculum. Cells marked with an 'A' indicate that the competency was specifically assessed. 
cohort
There were significant (p < 0.05) main effects for time for Terminology (p = 0.01), Confidence (p = 0.02) and Practice (p = 0.04), but these did not reach significance with sequential Bonferroni adjustment. There were no significant (p < 0.05) main effects for time for Relevance (p = 0.25) and Sympathy (p = 0.26). The sample size for the 2008 cohort (n = 29) did not reach the required estimate based on the power analysis (n = 40). This part of the study was therefore underpowered. Pairwise posthoc comparisons were not undertaken due the absence of significant findings. Table 3 summarises the descriptive data for the five domain scores [raw mean scores, SD, CI and the effect sizes (95%CI)] for changes between occasions of testing for the 2008 cohort. The effect sizes have been calculated based on the adjusted mean (SD) for random effects mixed modelling.
Compared to scores achieved as final year students, Practice scores declined after one year (p = 0.04, ES -0.23) and remained lower after two years in the workforce (p = 0.02, ES -0.27). Compared to scores achieved as final year students, negligible change in Confidence scores (p = 0.88, ES -0.02) was found at the end of the first year in the workforce with a greater increase between the first and second year in the workforce (p = 0.02, ES +0.27). Both Confidence and Terminology scores were higher (p = 0.01, ES +0.29, p = 0.004, ES +0.42 respectively) after two years in the workforce than as final year students. There were minor changes with small effect sizes in scores for Relevance and Sympathy across the three test occasions (Table 3) .
Significant main effects for time for Relevance (p = 0.0002) and Terminology (p = 0.004) were found and these remained significant after sequential Bonferroni adjustment. No significant (p < 0.05) main effects for time for Practice (p = 0.06), Confidence (p = 0.14) and Sympathy (p = 0.58) were found. This part of the study was adequately powered to detect a medium ES. Table 4 summarises the descriptive data for the five domain scores [raw mean scores, SD, CI and the effect sizes (95% CI)] of changes for the 2009 cohort. The effect sizes have been calculated based on the adjusted mean (SD) for random effects mixed modelling.
Compared to scores achieved as final year students, after one year in the workforce, Relevance scores declined significantly (p = 0.0002, ES -0.42) while scores for Terminology significantly improved (p = 0.004, ES +0.26). While not significant (p > 0.05) across the first two years in the workforce compared to scores achieved as final year students While not significant (p > 0.05) across the first two years in the workforce compared to scores achieved as final year students, Practice (ES -0.19) and Sympathy (ES -0.06) scores declined and an improvement was found in Confidence (ES +0.14) scores (Table 4) .
Patterns of change
Mean scores as a percentage of the maximum score for each domain of Relevance, Terminology, Confidence, Practice and Sympathy for both cohorts are illustrated in Figure 1 . While statistical significance varied, the patterns were clear and consistent across the cohorts.
Discussion
Key findings
In the current study, changes in self-reported EBP domains were evident during the transition from the final year of entry-level training into the early workforce years. This was the first study of an allied health professional discipline (physiotherapy) to measure changes in five EBP profile domains across the entry-level trainingworkforce transition for up to two years after graduation. The effect sizes of the changes were small. While few of the changes were statistically significant, there were consistent patterns of change. In particular, Relevance declined with transition into the workforce, then increased during the second year; Terminology continued to improve and Confidence increased during the second year. Practice declined after a year in the workforce and there was little further change in the second year. Sympathy scores changed only minimally.
Progression of EBP skills
Using the medical profession as an example, Ericsson [1] described progressive changes in clinical skills after graduation. On entry into the workforce, clinical skills initially improved as a result of increased frequency of skills performance or exposure to practice and feedback provided by external sources (supervisors, colleagues, patients). However, after initial improvement, these then began to decline over a number of years. New health care graduates move into workplaces where they will generally be supported by clinically-skilled peers (in varying stages of 'ascent' and 'decline'). In contrast, during the immediate years in the workforce, health professional graduates are likely to be exposed to greater which were the year prior to, and the year of, the publication of the Sicily statement [4] . These two cohorts were therefore likely to be involved in the early stages of introduction of formal EBP training in the physiotherapy program. Components of EBP were interspersed through other courses but the influence of these may have depended on the experience and exposure of the person conducting the teaching. Participants in the study have therefore undertaken their degrees while EBP training has been in a stage of development rather than having highly developed EBP concepts and teaching throughout the program.
The EBP domains Terminology
Terminology related to the understanding of 17 terms, such as 'confidence interval', 'odds ratio' and 'systematic review'. The findings suggested overall improvements in the understanding of the terminology used in EBP in the first and second years after graduation with a medium effect size after two years of working compared to graduation. Previous systematic reviews involving mostly medical students and graduates [4, 19] have reported that knowledge is a characteristic of EBP which has been shown to improve with EBP training. The selfreported knowledge domain of EBP may follow a similar pattern to clinical skills, with an increase as a result of greater exposure in the early years after graduation. It may also be possible that new graduates perceive they have increasing knowledge about EBP terminology because they are comparing themselves with workplace colleagues demonstrating variable levels of EBP knowledge and behaviours.
Relevance
Relevance reflected an individual's attitudes toward EBP, intentions to develop knowledge and skills and the value placed on EBP in decision-making. Attitudes have been a characteristic that is considered difficult to teach [4] and may be dependent on the working culture and environment. The entry-level program completed by all participants included education, application and assessment of EBP. At the end of their entry-level training participants appeared to value EBP (83% maximum score). If "attitudes are caught not taught" [4] , the decline in Relevance after one year may reflect attitudes in the workplace environment which may not consistently embed, prioritise or provide opportunities to practise EBP. A similar decline in scores for the relevance of research was also reported by Connolly et al. (2001) at one year after graduation.
Confidence
Confidence related to self-perceived abilities in EBP skills. The 11 items addressed question formulation, access, appraisal, application of EBP and research and computer skills. It was interesting to observe that significant changes in Confidence scores occurred only after two years and were not apparent after a year in the workforce. The negligible change in Confidence scores during the first year of working may be a result of adjusting to a range of professional work and lifestyle changes. In the second year in the workforce, as a more settled routine is established, graduates may have become more comfortable with the workplace, leading to small improvements (ES 0.29) in Confidence scores. The time lapse before the change also supports the value of longer term follow-up and suggests that not only are changes in EBP small, but in some domains the changes take longer to occur. While the items in this domain are clearly directed at Confidence in EBP skills, it may be that the increase in Confidence scores, reflected greater confidence in all areas of professional skills rather than separating EBP-specific from clinical skills. While minimal changes in confidence were also reported by Connolly et al. (2001) after working for a year, the marked decline in the study by Sabus (2008) may be due to the shorter timeframe (three months) between graduation and re-evaluation.
Practice
Practice pertained to the application of EBP skills in relation to clinical work. The items in this domain required the participant to indicate how frequently (never to daily) they engaged in EBP behaviours such as formulating a question, accessing and appraising evidence, integration with expertise and patient preferences in decision-making and sharing of findings with others in the workplace and profession. Practice scores declined after a year of working and remained lower than pre-graduation scores after two years in the workforce. The pattern of these changes differs to the expected progression of clinical skill changes after graduation [1] and may reflect the absence of peer/workplace resources to support for EBP skills. These findings are concerning as they seem in contrast to reported improvements in Confidence and Terminology; that is, participants were not practising their EBP skills but reported greater Confidence in their EBP skills and their understanding of EBP-related Terminology.
Sympathy
The Sympathy items related to the compatibility of EBP in the workplace and in the profession. Specific items included limitations the workplace may impose on the practice of EBP, and balancing client preferences, clinical experience and availability of high level evidence. Scores for Sympathy were relatively low and changed little across all test occasions. In the current study, scores for Sympathy were low and remained relatively unchanged (range 55-57% maximum score) from the final year of training across the first two years of working. The findings suggest that participants were not entering environments conducive to the ongoing development of EBP skills. In addition, the practitioners with whom they work are also likely to vary in their support and empathy for EBP. Alternatively, as the inclusion of formal EBP training in entry-level physiotherapy curricula was only commenced during the time these participants were students, the overall academic environment may have been equally as diverse in terms of EBP support as the work environment into which the participants transitioned.
Implications of this study
The pattern of findings in the current study imply that, at the time of data collection, participants may have found little opportunity to exploit their EBP skills in the workforce. This suggests that there is a need to consider how EBP "training" can be extended both in entry-level education and into the workplace. This is in line with recommendations by Glasziou et al. [5] for a 'multipronged' approach to embedding EBP skills into health professions, with catch-up programs for those already qualified and development of infrastructure to support and facilitate skills and integration of EBP.
Limitations
While the sample size for the 2009 cohort (n = 76) exceeded the estimate required, the sample size for the 2008 cohort was smaller than expected (n = 29) and failed to reach the number required to detect medium effect sizes (80% power, alpha 0.01). However, the pattern of findings is consistent across the 2008 and 2009 cohorts ( Figure 1 ). There may be less confidence though in accepting the absence of significant differences for the 2008 cohort from the first to the second year in the workforce as there was no comparative pattern to observe in the 2009 cohort. While data from 29 of 32 participants was included across three occasions of testing, the initial response rate from the 2008 cohort was low. Consent was able to be gained from 45 of a potential 72 graduates as they completed their studies in November 2008. Final year students have varied timelines for final courses and locations of these and may have less opportunity to access and respond to email in this busy period. Many chose not to attend end-of-year social functions where recruitment occurred. Of the 45 students who gave consent, 32 were able to be contacted when the questionnaire was completed in May 2009. The remaining 13 did not return the questionnaire or were not able to be contacted (change of/incorrect email address, moves from student residence).
The self-report questionnaire (EBP 2 ) used in this study had been previously evaluated for reliability and validity [14] . However, the nature of all self-report questionnaires is that they capture perceived, rather than true or actual measures. Differences in interpretation of items may remain a consideration but should have less impact due to the use of repeated measures from the participants. With further developments in embedding EBP training in entry-level programs, the challenge will be to ensure further clarification of EBP concepts to enhance the certainty with which participants complete the questionnaire.
The participants were drawn from an accessible population (physiotherapy students in a metropolitan university) which limits the generalisability of the study results. Respondent bias cannot be disregarded as participants were graduates of the University and may have responded in accordance with their satisfaction with entry-level training. The bias was considered to be reduced by a statement in the information sheet regarding responses having no impact on the participant's future relationship with the university, by encouragement for honesty in answers and because the research team had no influence on the ongoing employment of these graduates.
Conclusions
The current study was the first longitudinal study, using a questionnaire which had demonstrated reliability and validity, to monitor the change in attitudes, knowledge and behaviours of physiotherapists as they transitioned from entry-level training into the workforce. The findings suggested that participants, all of whom had been exposed to entry-level EBP training, graduated with a strong perception of the importance of EBP, were confident and had a good understanding of EBP terminology but engaged in little practice of EBP. In the first year in the workforce there was a general decline in practice and the value placed on EBP but improvements in understanding of common terminology. In the group of participants assessed at the end of their second year in the workforce, there were improvements in confidence and understanding of EBP terminology with little evidence of changes in EBP-related practice. It is encouraging that there were significant changes, and that EBP teaching appeared to "work". Furthermore, the fact that changes in the perceived understanding of terminology and in confidence were independent of changes in sympathy and practice, may say something about the need to include some EBP "attitudinal training", emphasising perhaps the philosophical importance of EBP.
The pattern of change in these EBP domains beyond the first two years in the workforce remains unknown. With the inconsistency in EBP exposure of workplace colleagues, a decline in EBP-specific skills could be expected. Alternatively, with increased numbers of EBP-trained graduates entering the workforce in the future, there may be changes in workplace culture, support and resources which will raise EBP skill development opportunities leading to stronger, more positive EBP profiles. The findings of this study suggest the need for an extension of EBP training into the workplace, as the ultimate test of any educational training (entry-level or workplace) will be the demonstration of evidence-based clinical management decisions and positive changes in patient outcomes.
Additional material
Additional file 1: Evidence-Based Practice Profile (EBP 2   ) questionnaire.pdf is a copy of the complete questionnaire used in this study.
Additional file 2: Scoring for the Evidence-Based Practice Profile questionnaire outlines the scoring for the domain items in the Evidence-Based Practice Profile questionnaire.
